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ABSTRACT 
The  v a r i a t i o n  of wind w i t h  a l t i t u d e  a t  
l o w  l e v e l s  is hypothesized t o  be a u n i v e r s a l  
v e l o c i t y  defect l a w ;  t h e  exponen t i a l  Sherlock 
formula f i t t e d  t o  observed d a t a  and extended 
t o  h igh  a l t i t u d e s  is unbounded. Data from 
Hurr icane Cleo 1964 and Dora 1964 is included 
w i t h  d a t a  from n ine  other storm happenings. 
Averaging of observed d a t a  as V2 f u n c t i o n  is 
suggested i n  l i e u  of a r i t h m e t i c  averaging 
of V ;  p r o b a b i l i t i e s  developed from V2 s t a t i s t i c  
(observed anemometer readings)  need be t r a n s -  
formed i n  p r o b a b i l i t y  t o  t h e  l i n e a r  V s t a t i s t i c  
t o  o b t a i n  high confidence l e v e l s  a t  t h e  extremes. 
Technica l  comments a r e  so l ic i ted  t o  promote 
math model development 
i 
ACKNOWLEDGMENTS 
The au thor  acknowledges t h e  e f f o r t s  and t e c h n i c a l  p r o f i c i e n c y  
of t h e  fo l lowing  persons  who a s s i s t e d  
r e p o r t :  
Don Mackey 
E ,  N ,  Shepard 
W ,  B o  Walker 
J. R ,  E l l i s  
J, G, Williamson 
Mrs. Ruth Finney 
Ralph Jones 
James M ,  Dunn, Major, USAF 
Leon Bat ion  
E r n e s t  A ,  Amman  
NO" ICE 
i n  t h e  p r e p a r a t i o n  of t h i s  
A r t  ist I l l u s t r a t o r  
C i v i l  Engineer 
C i v i l  Engineer 
C i v i l  Engineer 
Draftsman 
S e c r e t a r y  and T y p i s t  
Measurements Engineer 
Operat i ons  Meteorolog-st  
S & r u c t ~ r i t l  Engineer 
Forecas t  Meteoro logis t  
The op in ions  and t e c h n i c a l  developments 
and hypotheses p re sen ted  i n  t h i s  paper  are s o l e l y  
those of t h e  au tho r  based on h i s  own expe r i ence  
and knowledge; t h e  au tho r  encourages f r e e  d i s -  
cuss ion  of these opions  a and hypotheses  , 
i 
T h i s  paper is no t  an o f f i c i a l  NASA pub l i ca -  
t i o n ,  and t h e  c o n t e n t  shou ld  not be quoted  or 
r e f e r r e d  to as  o f f i c i a l  NASA p o l i c y  or p o s i t i o n ,  b 
ii 
TABLE OF CONTENTS 
FRONT I S P I E C E  
TITLE PAGE 
ABSTRACT 
ACKNOWLEDGEMENTS 
TABLE OF CONTENTS 
LIST OF F I G U R E S  
I . INTRODUCT ION 
11. T H E  PROBLEM 
I I I . GENERALIZED D I S C U S S  I O N  
I V .  I N S P E C T I O N  OF AVAILABLE DATA 
V. ATTEMPTED ANALYSES 
V I .  T H E  NEED F O R  NEW APPROACHES 
BIBLIOGRAPHY 
APPENDIX I. LAME3 DERIVATION,  EKMAN S P I R A L  
APPENDIX 11. W I N D  MEASURING REACTION MACHINES 
APPENDIX I I I . THE SQUARE LAW TRANSFORMATION 
i 
ii 
iii 
i v  
1 
5 
8 
11 
16 
19 
23 
79 
82 
85 
iii 
LIST OF FIGURES 
- FIGURE NO. 
& 1. F i r s t  A-frame Serv ice  S t r u c t u r e ,  VLF 5/6 
2. Second A-frame Service S t r u c t u r e ,  VLF 26 
30 Inverted-U Se rv ice  S t r u c t u r e ,  VLF 56, Pad B 
4. Inverted-U Se rv ice  S t r u c t u r e ,  Non Recl in ing ,  
Launch Complex 34 
5 0  Trapezoid-frame S e r v i c e  S t r u c t u r e ,  Launch 
Complex 37 
60 Veloc i ty  P r o f i l e  - Hurricane Exposure of VAl3 
7. ASA and ASCE Code Wind P l o t s ,  30-foOt 
Reference 
8. ASA and ASCE Code Wind Plots, 140-foot 
Reference 
9. Comparative Wind P l o t s  , Various Exponents 
10 0 Comparative Wind P l o t s ,  Sherlock Formula 
11 0 Wind Loads on S t r u c t u r e s ,  1-foot-wide S t r i p  
12 0 Wind Loads and S t r u c t u r a l  S t e e l  Design 
Weights 
13 0 Comparative P r o f i l e s  of V e l o c i t i e s  
14 . Ekman S p i r a l  
15 . Aerovane I n s t a l l a t i o n ,  Launch Complex 34 
16 0 Aerovane I n s t a l l a t i o n ,  Launch Complex 37 
17 . Aerovane I n s t a l l a t i o n ,  Lateral P r o j e c t i n g  
Instruments  
18 Aerovane I n s t a l l a t i o n ,  Atop Se rv ice  S t r u c t u r e  
19 0 Aerovane I n s t a l l a t i o n ,  Atop Se rv ice  S t r u c t u r e  
PAGE NO. 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
i v  
LIST OF FIGURES (Continued) 
FIGURE NO. PAGE NO. 
44 20 
21. 
22 0 
23 
24 
25. 
26. 
27 
280 
29 
30. 
31. 
32. 
33 0 
34, 
Aerovane I n s t a l l a t i o n ,  Top of Blockhouse 
Aerovane I n s t a l l a t i o n ,  Pad Light  Pole 45 
46 Aerovane I n s t a l l a t i o n ,  Umbil ical  Tower  
Wind Measurements, Launch Complex 37B 47 
Aerovane Instrumentat ion Plan,  Launch 
Complex 34 
48 
Aerovane Instrumentat ion P lan ,  Launch 
Complex 37 
49 
Extreme Weather Winds, LC N o ,  34,  
8 February 1964, 0020 t o  0120 hours 
50 
Extreme Weather Winds, LC NO" 37, 
8 February 1964, 0030 t o  0130 hours  
5 1  
Extreme Weather Winds,. LC N o ,  37, 
18 February 1964, 1400 t o  1500 hours  
52 
Extreme Weather Winds, LC N o ,  34,  
25  February 1964, 1500 t o  1600 hours  
53 
Extreme Weather Winds, LC N o ,  37, 
25 February 1964, 1420 t o  1520 hours  
54 
Extreme Weather Wind, LC N o ,  37, 
28  Apr i l  1964, 1330 t o  1430 hours  
55 
56 Extreme Weather Winds, LC N o .  37, 
19 May 1964 to 28 May 1964 
57 Extreme Weather Winds, LC N o ,  37, 
27 August 1964, 1545 t o  1645 hours ,  
Hurricane "CLEO" 
Ext reme Weather Winds, LC N o ,  34 ,  
9 September 1964, 1400 to 1500 hour s ,  
H u r r i c a n e  "DORA" 
58 * 
. 
V 
LIST OF F IGURES (Cont inued) 
FIGURE NO. 
Extreme Weather Winds, LC No. 37, 
9 September 1964, 1310 t o  1410 hours ,  
Hurricane "DORA" 
Extreme Weather Winds, LC N o ,  37, 
5 October 1964, 1200 t o  1300 hours 
Trajectory for Hurricane Cleo, 1964 
T r a j e c t o r y  for Hurricane Dora, 1964 
E&O Bui ld ing ,  Cape Kennedy 
I n d u s t r i a l  Area? Cape Kennedy 
I n d u s t r i a l  Area, Cape Kennedy 
Barograph C h a r t ,  H u r r i c a n e  Dora, 1964 
Path of Hurr icane Carla, 1961 
Cedar H i l l  T.V. Tower, Location Map 
Cedar H i l l  T.V. Tower, Vertical P r o f i l e s  
of Winds, Hurricane C a r l a ,  1961, Hourly 
I n t e r v a l s  
Cedar H i l l  T.V. Tower, Vertical  P r o f i l e s  
of Winds, Hurricane Car l a ,  1961, Ten- 
minute I n t e r v a l s  
Gust F a c t o r s ,  Cape Kennedy, 58.5 Meters 
Gust Fac to r s ,  Cape Kennedy, 19.5 Meters 
Gust Fac to r s ,  Cape Kennedy, 96.3 Meters 
(Le f t )  Line S e t ,  Winds Aggregate, A l l  
Leve ls ,  1964, LC 34, LC 37, (Right) Poin t  
S e t  
PAGE NO. 
59 
60 
6 1  
62 
63 
64 
65 
66 
67 
68 
69 
70 
7 1  
72 
73 
74 
Cumulative D i s t r i b u t i o n  and Densi ty  Funct ions,  75 
Wind Aggregate A l l  Levels ,  1964, LC 34, LC 37 
v i  
r 
LIST OF FIGURES (Continued) 
FIGURE NO. PAGE NO. 
52 Cumulative D i s t r i b u t i o n  and Dens i ty  76 
Funct ions Wind Aggregate 79 '  , 83' 
113' and 236' Levels ,  1964, LC 34 ,  
LC 33 
53 0 Cumulative D i s t r i b u t i o n  and Dens i ty  77 
Funct ions ,  Wind Aggregate,  317', 332 ' ,  
and 355' Levels ,  1964, LC 34,  LC 37 
LIST OF TABLES 
~~ ~ ~ 
Table  I F o r e c a s t s  of Severe Weather 13-1 
v i i  
'I 
THE PROBLEM OF LOW LEVEL 
W I N D  DISTRIBUTION 
by J, H, Deese 
a s s i s t e d  by . 
Coralee C Whisenant 
I. INTRODUCTION 
As a n a t i v e  F l o r i d a  c racker ,  I can w e l l  remember t h e  
s e v e r e  weather of excep t iona l  thunderstorms and hu r r i canes .  
For  i n s t a n c e ,  l i s t e n i n g  t o  t h e  thump of ou r  t w o  s t o r y  f r a - e  
house a s  t h e  wind l i f t e d  and  dropped it aga in  and aga in  t o  
its founda t ions  or watching t h e  s h i n g l e s  and framing 02 a 
s e c t i o n  of t h e  f r o n t  porch f l y  a p a r t  and scat ter  with t h e  
sound of a f r e i g h t  t r a i n  i n  a rumbling twis te r ,  or walking 
through t h e  r e s i d u e  of a v i r g i n  p i n e  f o r e s t  where a hundred 
yard  width swath of green t i m b e r  had been t w i s t e d  i n t o  match 
s t i c k s .  In  t h o s e  days of t h e  e a r l y  ~ O ' S ,  b o t h  t imely  weather 
warning and adequate  s t r u c t u r a l  des ign  were non-exis tent .  
Today's S t r u c t u r a l  Engineering and a r c h i t e c t u r e  have as one 
of t h e i r  prime purposes t h e  design and c o n s t r u c t i o n  of f a c i l -  
i t i e s  t o  wi ths t and  t h e  elements and t o  p r o t e c t  t h e  people  and 
equipments which they  house. I a m  i n t e n s e l y  i n t e r e s t e d  i n  
t h e  development and usage of these p r a c t i c e s .  
For t h e  p a s t  f i f t e e n  years  I have been i n t i m a t e l y  associat- 
ed w i t h  t h e  development of Se rv ice  S t r u c t u r e s  a t  Cape Kennedy; 
P 
. 
more r e c e n t l y ,  I am connected w i t h  t h e  des ign  and development 
of concepts  employed a t  NASA Merritt I s l a n d  Launch Area such 
as  Arming Towers  and t h e  Vert ical  Assembly Bu i ld ing ,  
I n  195111952 t h e  f irst  "A frame" s e r v i c e  s t r u c t u r e  w a s  
designed and b u i l t  (F igu re  1). I t  was adapted from t h e  e x i s t -  
i n g  o i l  f i e l d  portable  d r i l l  masts, Wind loads were c a l c u l a t e d  
on a cons tan t  h o r i z o n t a l  wind from t o p  t o  bottom; t h e  s t r u c t u r e  
h e i g h t  w a s  147 fee t ,  I n c i d e n t a l l y ,  t h i s  s t r u c t u r e  se rved  
Alan Shepherd, o u r  f i rs t  human a s t r o n a u t .  
I n  1956, t h e  second "A frame" s t r u c t u r e  112 f e e t  h igh  was 
o rde red  (Figure 2 ) .  In 1957 a t h i r d  s t r u c t u r e  of t h e  i n v e r t e d  
U des ign ,  but s t i l l  of t h e  self r a i s i n g  l e g  type  w a s  purchased;  
its h e i g h t  was 134 feet  (F igu re  3 ) .  A l l  of these s t r u c t u r e s  
were designed f o r  r e c l i n i n g  stowage i n  h u r r i c a n e  winds; moments 
from t h e i r  e r e c t i n g  loads  were g r e a t e r  t han  those imposed 
by hu r r i cane  w i n d s  i n  t h e  guyed erect p o s i t i o n .  Over turn ing  
des ign  m o m e n t s  without guying were c a l c u l a t e d  t o  occur  a t  
55 - 60 knots ;  t h i s  range  had been selected as  t h e  maximum 
o c c u r r i n g  a f te rnoon thunder  s q u a l l s ,  During t h e  summer of 
1956 when S t r u c t u r e  No, 1 w a s  be ing  used  w i t h  a Redstone v e h i c l e  
a 55 m i l e  wind a c t u a l l y  rocked t h e  s t r u c t u r e ;  ( r emin i scen t  of 
our  o ld  thumping homestead: , On an e x p e d i t i e d  basis ,  w e  
proceeded t o  i n s t a l l  a guying system t o  w i t h s t a n d  125 mph 
h u r r i c a n e s ;  o u r  problem w a s  ended. 
t 
2 
? 
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When p lanning  f o r  Launch Complex 34 was i n i t i a t e d  i n  1958, 
des ign  of S e r v i c e  S t r u c t u r e  3 4  w a s  based on wi ths t and ing  h u r r i -  
cane f o r c e  winds (125 mph) ; p r a c t i c e  a t  t h a t  t i m e  in t roduced  
t h e  Sherlock exponen t i a l  f s rmula lyz ,  T h i s  s t r u c t u r e  w a s  310 
feet  t a l l  and weighed approximately 6,000,000 l b s  (F igu re  4). 
Wind effect  was based on o v e r a l l  s t r u c t u r e  d rag  f a c t o r  computed 
from wind t u n n e l  tests;  wind loads were computed from t h i s  a r e a  
c o e f f i c i e n t  and t h e  Sher lock  wind p r o f i l e  w i t h  1/7 exponent. 
E s s e n t i a l l y  t h e  same process  was r epea ted  i n  t h e  des ign  
of LC 37 S e r v i c e  S t r u c t u r e  which was 303 f e e t  high ( t o p  frame) 
and weighed approximately 10,000,000 l b s  (F igu re  5). Because 
of t h e  open framing and c y l i n d r i c a l  members, t h e  e f f e c t  of t h e  
Sher lock  exponen t i a l  p r o f i l e  was not s i g n i f i c a n t  as compared 
wi th  t h e  o l d e r  p r a c t i c e  of a cons t an t  v a l u e  p r o f i l e .  Th i s  con- 
s t a n t  p r o f i l e  used t h e  extreme recorded  wind number. 
When f e a s i b i l i t y  s t u d i e s  and c r i t e r i a  development was 
i n i t i a t e d  on M I L A  LC 39 (in June  1962), wind l o a d s  w e r e  found 
t o  s e r i o u s l y  a f f e c t  t h e  V e r t i c a l  Assembly Bu i ld ing  s t r u c t u r e ;  
e s p e c i a l l y ,  t h o s e  concepts  which envis ioned  a completely 
enc losed  s t r u c t u r e  o f f e r i n g  weather p r o t e c t i o n  t o  both  t h e  
S a t u r n  V space  v e h i c l e  and t h e  Launcher Umbil ical  Tower, A 
p r e l i m i n a r y  r e p o r t 3  comparing o l d  and new p r a c t i c e s  p re sen ted  
t h e  problem; but  t h e  t i g h t  schedule  t o  reach t h e  Moon precluded 
e x t e n s i v e  s t u d i e s  and a t tempts  a t  e x t r a p o l a t i o n  of weather 
3 
data  from t h e  30 f t .  U .  S .  Weather Bureau r e f e r e n c e  l e v e l s  to  
higher a l t i t u d e s .  Our knowledge of t h e  Nature of Low Level 
Winds (under 1000 f t .  a l t i t u d e )  a t  Cape Kennedy was a t  t h a t  
t i m e  almost nonexis tent  . 
4 
11. THE PROBLEM 
After a number of conferences wi th  n a t i o n a l  a u t h o r i t i e s ,  
t h e  Architect Engineer4r5 s e l e c t e d  a v e l o c i t y  p r o f i l e  f o r  h u r r i -  
cane exposure of t h e  VAJ3 a t  t h e  MILA s i t e  (Figure  6) .  T h i s  
p r o f i l e  is r e p r e s e n t a t i v e  of t h e  b e s t  p o s s i b l e  judgement t h a t  
could  be:made i n  t h e  absence of comprehensive da t a .  The f a c t o r  
of two and more by which t h e  c u r r e n t  ASCE p r a c t i c e  d i f f e r e d  
from t h e  o l d e r  f l a t  p r o f i l e  p r a c t i c e  w a s  most i n t r i g u i n g ,  S u r e l y ,  
i f  no f a i l u r e s  e x i s t e d  i n  actual exposure h i s t o r y  of t h e  o l d e r  
d e s i g n s ?  e i t h e r  t h e  modern p r a c t i c e  or t h e  f a c t o r s  of s a f e t y  as  
p rev ious ly  used are  ove r ly  conserva t ive .  I f  one reviews t h e  
l i t e r a t u r e ,  h e  f i n d s  a lore of in format ion  on t h e  c h a r a c t e r i s t i c s  
of f rames,  members, and shapes when exposed t o  wind; bu t  an 
almost complete d i r t h  of information on t h e  Nature  of t h e  Low 
Level  Winds a t  s p e c i f i c  l o c a t i o n s  such as Cape Kennedy and t h e  
Merritt I s l a n d  Launch Area. 
A s  a comparison of t h e  effect  of v a r i o u s  assumptions f o r  
expec ted  extrema1 c o n d i t i o n s ,  w e  p l o t t e d  numbers from ASA and 
ASCE p r a c t i c e s  u s i n g  r e fe rence  v e l o c i t i e s  a t  30 f e e t  (F igu re  7)3; 
t h e  d ivergence  of t h e s e  a t  the h ighe r  e l e v a t i o n s ,  prompted a 
c o n s i d e r a t i o n  of r a i s i n g  t h e  r e f e r e n c e  l e v e l  (F igu re  8) T h i s  
a l o n e  tended t o  make t h e  numbers easier t o  l i v e  w i t h .  The d i v e r -  
gence i n  F i g u r e  $ is st i l l  s i g n i f i c a n t ,  bu t  it is m a t e r i a l l y  
reduced from t h a t  of F i g u r e  7. 
3 
5 
Reca l l ing  occas ions  of prev ious  storm passages,  w e  recon- 
s t r u c t e d  numbers accord ing  t o  memory of v a r i o u s  o l d  timers a t  
Cape Kennedy and P a t r i c k  A i r  Force  Base. Be l i ev ing  t h e  exponen- 
t i a l  formula t o  be the b e s t  expres s ion ,  w e  compared t h e s e  
numbers as  ind ica t ed  on t h e  curves  of F igu re  9 ,  The  exponent 
f o r  t h e  f i t  v a r i e s  between .19 and .2; s u p r i s i n g l y ,  compares 
f avorab ly  with t h e  .20 va lue  d i s c u s s e d  by Fa rbe r  and B e l l  as  
found by K a m e i .  Of i n t e r e s t  is  a p p l i c a t i o n  of a v a r i e t y  of 
exponents t o  t h e  wind number 157 mph when t h e  anemometer a t  t h e  
.Jupi ter  l i gh thouse  blew away i n  1934 (3). 
Some means w a s  d e s i r e d  by which t h e  v a r i e t y  of exponents  
a p p l i e d  t o  the  SherPock f o r m u l a l ~ '  could  be compared (F igu re  
10) . T h i s  we d i d  by s e l e c t i n g  a h y p o t h e t i c a l  c a n t i l e v e r e d  one 
f o o t  width s t r i p  500 f e e t  h igh  t h e n  comimting gOi?le i?- ta  and shears  
f o r  each e l e v a t i o n  from t h e  ground up (F igu re  11). Of c o u r s e  
they  a l l  converge a t  t h e  t o p ,  bu t  t h e  r e l a t i v e  f a c t o r s  as w e  
ge t  n e a r e r  t h e  bottom are extremely d i v e r g e n t ;  a t  most by a 
r a t i o  of 2:l. Continuing t h e  hypo thes i s  a s  t o  a phantom can- 
t i l e v e r e d  mast t h a t  could  wi ths t and  such  l o a d s ,  w e  computed 
t h e  imaginary weights  for such a s teel  s t r u c t u r e  (F igu re  12) .  
The  ratio of t h e  numbers found is a l a rming ;  w e  a s k  o u r s e l v e s  
" A r e  they  t r u l y  r e p r e s e n t a t i v e ? " :  - such  as  1 . 3 4 ~ 1 ;  1.47~1; 
1 .91 : l ;  and 1 . 1 O : l .  These p recen tages  when a p p l i e d  t o  tonnage 
s teel  for  l a r g e  s t r u c t u r e s  o f f e r s  c o n s i d e r a b l e  promise t h a t  
6 
sav ings  on f u t u r e  c o n s t r u c t i o n  can be e f f e c t e d  and w i l l  be of 
no s m a l l  va lue .  The major requirement i n  such problem is t h a t  
t h e  N a t u r e  and C h a r a c t e r i s t i c s  of Low Level Winds be better 
def ined.  Our c u r i o s i t y  had now f e l t  t h e  needle ;  my own pe r sona l  
desire for r a t i o n a l i z a t i o n  of t h e  problem l e d  i n t o  f u r t h e r  inves- 
t iga t  ion. 
111. GENERALIZED DISCUSSION 
A review of f l o w  theory  6 y 7 y 8 y 9  (F igure  13) showed some 
promise. In v i s c o u s  laminar f l o w  both over  f l a t  p l a t e s  and 
t h r u  p i p e s ,  a maximum v e l o c i t y  is found i n  every i n s t a n c e ,  
I f  t h e  p i p e  be of i n f i n i t e  diameter, t hen  l i k e  t h e  p l a t e ,  t h e  
maximum or f r e e  stream v e l o c i t y  e x i s t s  i n  r e g i o n s  of t h e  f l u i d  
where t h e  v i scous  t r a n s p o r t e d  d r a g  effect of t h e  w a l l  has  become 
n e g l i g i b l e ,  T h i s  c o n d i t i o n  is t r u e  f o r  both laminar and t u r -  
b u l e n t  streams having uniform average v e l o c i t i e s .  
there must be a r eg ion  above t h e  earth’s s u r f a c e  where t h e  
effects  of its roughness on t h e  wind becomes n e g l i g i b l e ,  
By analogy, 
An e a r l y  a p p l i c a t i o n  of t heo ry  developed i n  t h e  l a s t  
c e n t u r y  r e s u l t e d  i n  t h e  Ekman sp i ra l  (F igu re  14). 2 9 7 9 1 0 Y  T h i s  
f u n c t i o n  theoret ical ly  is l imi ted  by t h e  g r a d i e n t  wind and t h e  
geos t roph ic  wind. Various d e r i v a t i o n s  by  LambY7 Su t ton ,  lo and 
o the r s  make c e r t a i n  fundamental assumptions bu t  t h e  end f o r m  
of t h e  equa t ion  is t h e  same. That accord ing  t o  Lamb7 is given 
i n  Appendix I,  
If t h e  maximum number e x i s t s ,  t h e n  an expres s ion  f o r  t h e  
v a r i a t i o n  of v e l o c i t y  w i t h  he ight  must e x i s t  such  tha t  
8 
e 
Such a f u n c t i o n  is bounded both  by c o n d i t i o n  of 
i n  t h e  f r e e  stream and by z e r o  v e l o c i t y  a t  t h e  s u r f a c e ,  Although . 
Sherlock recommends a cons t an t  v e l o c i t y  a t  a l t i t u d e s  above 1000 
feet  and Kamei above 100 f e e t  when u s i n g  t h e  exponen t i a l  formula ,  
and t h e  func t ion  remains unbounded for x f 0 except  a t  t h e  
s u r f a c e .  Therefore ,  it is an e m p i r i c a l  expres s ion  of l i m i t e d  
range. The problem remains of o b t a i n i n g  s u f f i c i e n t  v a l i d  d a t a  
t o  e s t a b l i s h  these  l i m i t s .  
If one i n s p e c t s  f low t u r b u l e n t  t heo ry  as  now p r a c t i c e d  i n  
wind t u n n e l s ,  t h e  Log Law of t h e  Wall and t h e  V e l o c i t y  Defect 
Law are w e l l  confirmed. The Law of t h e  Wall8,’ is e x a c t l y  t h e  
Sherlock formula w i t h  1/7 exponent;  b u t  its r e g i o n  of a p p l i c a -  
t i o n  is l i m i t e d  t o  t h e  laminar s u b l a y e r .  Outs ide  t h i s  r a n g e ,  
t h e  Veloc i ty  Defec t  Law‘,’ is r e c e i v i n g  e x t e n s i v e  i n v e s t i g a t i o n .  
I t s  fundamental expres s ion  is 
D e f i n i t i o n  of t h e  po in t  or range  a t  which t h e  t r a n s i t i o n s  f r o m  
Log Law t o  Defect Law occur  has y e t  t o  be  found. I t  is ve ry  
l i k e l y  t h a t  the  l i m i t s  of t h e  t r a n s i t i o n  f u n c t i o n s  can  on ly  be 
9 
1
e s t a b l i s h e d  by modern s t a t i s t i c a l  theory .  
have eluded d e t e r m i n i s t i c  approaches.  
So f a r  t h e s e  f u n c t i o n s  
. 
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u IV .  INSPECTION OF AVAILABLE DATA 
4 
For obvious r easons ,  such as knowing when t o  anchor down 
f o r  wind extremes, Se rv ice  S t r u c t u r e s  of LC 34 and LC 37 were 
instrumented wi th  wind measuring devices .  Sensing ins t ruments  
are Bendix F r i e z  Model 120 with frequency response  of 60% p e r  
sec, Pen Recorders  a r e  of two types ;  E s t e r l i n e  Angus Model 
602 and Bendix F r i e z  Model 141. Means is a l so  provided f o r  
1" width MILAR t a p e  r eco rd ing  f o r  computer readout .  Chart  
speeds of pen r e c o r d e r s  are s e l e c t i v e  a t  3 inches  pe r  hour and 
3 i nches  p e r  minute. I n s t a l l a t i o n  of t h e  aerovanes are shown 
i n  F i g u r e s  15 and 16, Lateral p r o j e c t i n g  ins t ruments  are 
mounted 8 f e e t  from the s t r u c t u r e  (F igu re  17) .  Those on t o p  
of t h e  s t r u c t u r e s  are mounted a t  v a r i o u s  h e i g h t s  (F igures  18 
and 19) above t h e  s t r u c t u r e s .  On t o p  of each Blockhouse, 
i n s t rumen t s  are a l s o  mounted (F igure  20).  
On t h e  pad i n  each complex, ins t ruments  are mounted on 
t h e  Pad Light  Pole  (F igure  21) and on t h e  Umbil ical  Towers 
(F igu re  22). Unfor tuna te ly ,  t h e r e  is some q u e s t i o n  as t o  t h e  
accuracy  of t h e s e  dev ices  because of t h e  s t r u c t u r a l  in f luence .  
Moses and Daubek12 r e p o r t i n g  on a tower a t  Argonne Na t iona l  
Laboratory,  found t h a t  w i t h  9 f e e t  p r o j e c t i o n  of t h e  ins t ruments  
s e r i o u s  errors occurred  i n  t h e  tower mounted Aerovanes due t o  
a tower i n f l u e n c i n g  effect ;  both i n c r e a s e s  by 30% and dec reases  
up t o  50% were observed as w e l l  as  d i r e c t i o n  d e v i a t i o n s  up t o  
11 
40 degrees .  Knothe and Cal lahan (F igure  23) have r e p o r t e d  
tower in f luences  of a s imi l a r  na tu re .  l3 It appears  t h a t  bo th  
wind tunne l  model t e s t i n g  and c o n s i d e r a t i o n  of aerovane prox- 
i m i t y  t o  t h e  s t r u c t u r e  w i l l  be  necessary t o  provide a means 
f o r  c o r r e l a t i o n  conf idence  i n  t h e  observed va lues .  Notwith- 
s t a n d i n g  t h e s e  f a u l t s ,  w e  have used t h e  i n s t rumen ta t ion  p l a n s  
of F igu res  24 and 25 f o r  r e c o r d i n g  e l even  i n s t a n c e s  of extreme 
weather  winds (F igu res  26 t h r u  36 ) ,  The  extreme maximum and 
minimum a r e  p l o t t e d  a t  each l e v e l  a s  w e l l  as  t h e  average for 
t h a t  hour having the  h i g h e s t  average and/or f o r  t h e  hour having 
t h e  h ighes t  peak va lue .  In e i t h e r  or both  cases, t he  extremes 
wi th in  t h e  pe r iod  of record are shown. The  d a t a  is p resen ted  
i n  t h e  fol lowing:  
F igu re  26 Extreme Weather Winds, LC No. 34,  8 February 1964, 
0020 t o  0120 hours  
F igu re  27 Extreme Weather Winds, LC No, 37, 8 February 1964, 
0030 t o  0130 hours  
F igu re  28 Extreme Weather Winds, LC No. 37, 18 February 1964, 
1400 t o  1500 hours  
F igu re  29 Extreme Weather Winds, LC MQ, 34,  25 February 1964? 
1500 t o  1600 hours  
F igu re  30 Extreme Weather Winds, LC No. 37, 25 February 1964, 
1420 t o  1520 hours  
F igu re  31 Extreme Weather Winds, LC No, 37, 28 A p r i l  1964, 
1330 t o  1430 hours  
12 
Figure  32 Extreme Weather Winds, LC N o .  37, 19 May 1964 t o  
28 May 1964 
Figure  33 Extreme Weather Winds, LC N o ,  37, 27 August 1964, 
1545 t o  1645 hours ,  Hurricane "CLEO" 
F igure  34 Extreme Weather Winds, LC No.  34,  9 September 1964, 
1400 t o  1500 hours ,  Hurricane "DORA" 
F igu re  35 Extreme Weather Winds, LC No.  37, 9 September 1964, 
1310 t o  1410 hours ,  Hurricane "DORA" 
F igu re  36 Extreme Weather Winds, LC N o ,  37, 5 October 1964, 
1200 t o  1300 hours 
These d a t a  inc lude  CLEO 1964 and DORA 1964. T r a j e c t o r i e s  for 
t h e s e  are shown i n  F igu res  37 and 38. Weather p r e d i c t i o n s  of 
r eco rd  excluding t h e  hu r r i canes  but  regard ing  t h e  o t h e r  storm 
passages are shown i n  Table I,, 
During Hurricane DORA, a c u r i o u s  b u f f e t t i n g  caused baro- 
graph pumping; t h e  barograph was loca ted  i n  a Southwest co rne r ,  
second f l o o r  room of t h e  E&O Building a t  Cape Kennedy (F igures  
39, 40, and 41) . I had not iced  a su rg ing  of t h e  wind i n  
Melbourne dur ing  t h e  same time i n t e r v a l  and on d i s c u s s i n g  i t  
wi th  t h e  meteoro logis t  h e  showed m e  t h e  r eco rd  (F igure  42) 
of t h e  in s t ance ,  The pen record shows q u i t e  c l e a r l y  t h e  jump- 
i n g  p r e s s u r e ;  t h e  s o l i d  po r t ion  was a cont inuous pumping. 
T h i s  b u f f e t t i n g  a t  Cape Kennedy could have been caused by 
v o r t e x  shedding from t h e  surrounding bui ld ings14  s i n c e  t h e  
winds were from the  Southwest a t  t h a t  t i m e .  However, t h i s  
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does not  e x p l a i n  my observa t ion  of t h e  p u l s i n g  c o n d i t i o n  some 
30 m i l e s  away; both sound and eardrum p r e s s u r e  w e r e  evidence 
of t h e  cond i t ion .  I be l ieve  t h i s  t o  have been t h e  n a t u r e  of 
t h e  h u r r i c a n e ,  no t  a l o c a l  condi t ion .  
One of t h e  most d i scussed  s torms  s u b j e c t e d  t o  a n a l y s i s  
w a s  Hurr icane  CARLA 1961 passage through D a l l a s ,  Texas, a r e a  
(F igure  43). l5 The 1400 f o o t  TV tower a t  Cedar H i l l  used by  
s t a t  i o n  KRLD had been instrumented for acceptance  t e s t i n g .  
T h i s  tower is l o c a t e d  on t h e  s lope  of a Knoll  i n  an a r e a  of 
r o l l i n g  h i l l s  (F igu re  44).  The e n t i r e  pe r iod  w a s  r e p o r t e d  by 
Gerhardt  et  a l e  
of t h e  h o r i z o n t a l  wind (280 sec. average)  was p l o t t e d  a g a i n s t  
he ight .  Hourly i n t e r v a l s  are shown i n  F i g u r e  45 t o g e t h e r  w i t h  
From h i s  f i g u r e s ,  t h e  a b s o l u t e  magnitude 15 
t h e i r  t i m e  ensembles;  t e n  m i n u t e  i n t e r v a l s  are shown i n  F i g u r e  
46 f o r  t h a t  hour having h ighes t  winds. The cu rves  i n d i c a t e  
both s table  f low and t r a n s i e n t  t u r b u l e n c e  i n  t he  same storm. 
T h e r e  is some ques t ion  as t o  t h e  v a l i d i t y  of t h e  i n s t r u -  
ment measurements a t  t h e  1400 f o o t  l e v e l .  Discard ing  these 
does not  a f f e c t  t h e  form of t h e  v e l o c i t y  f u n c t i o n  of he igh t .  
In  a lmost  a l l  i n s t a n c e s ,  t he re  is  a v e r t i c a l  asymptote t o  V ( h )  
T h i s  d a t a  confirms that  i n  t h i s  i n s t a n c e  ou r  model ho lds  where 
14  
Again though, t h e  in f luence  of t h e  s t ruc ture  on t h e  observed 
v e l o c i t y  numbers is not known. The form of t h e  funct ion  
appears t o  be  w e l l  def ined.  Also, a d d i t i o n a l  data is needed 
of t h e  a c t u a l  t i m e  &race rather  than t h e  280 sec. averaged 
v a l u e s  ,
15 
V. ATTEMPTED ANALYSES 
* 
For t h e  per iod  of September 20, 1963 t h r u  October 1, 1963, 
Poin t  sets of recorded 16 an unusual wind cond i t ion  ex i s t ed .  
g u s t s  occur r ing  a t  each l e v e l  a r e  recorded a s  gus t  f a c t o r  ve r sus  
f i v e  minute averaged speeds i n  F igu res  47, 48, and 49. Both 
t h e  extreme and t h e  mean show d e f i n i t e  convergence with increas- 
ing  v e l o c i t y .  The lowest l e v e l  shows t h e  g r e a t e s t  spread  of 
observed gust  f a c t o r s ,  p a r t i c u l a r l y  a t  t h e  lower speeds. The 
h ighe r  l e v e l s  show a much lower spread  of observed g u s t s  a t  
lower v e l o c i t i e s  (under 4 m/sec .) . Cumulative d i s t r i b u t i o n  and 
d e n s i t y  f u n c t i o n s  are needed for f u r t h e r  a n a l y s i s .  
For  t h e  1964 happenings a t  LC 34 and LC 37, an aggregate  
of a l l  recorded va lues  w a s  p l o t t e d .  These  aggrega tes  a r e  
shown i n  F igu re  50. On t h e  p l o t t e d  set of t h e  l e f t  f i g u r e ,  a l l  
sets from t h e  same d a t a  happening a r e  connected; on t h e  r i g h t  
f i g u r e  t h e  p o i n t s  are countably discrete. The sets are normal- 
i zed  t o  t h e  average v e l o c i t y  squared va lue  a t  each l e v e l .  It 
can be seen t h a t  both t h e  sets having va lues  g r e a t e r  than  1 
and t h e  set having va lues  less t h a n  1 i n d i c a t e  a convergence 
nea r  800 f t .  he ight .  Development of t h i s  could confirm a gen- 
e r a l i z a t i o n  of approach suggested by t h e  KRLD tower da ta .  
The  cumulative d i s t r i b u t i o n  f u n c t i o n  of a l l  aggrega tes  
16 
is p l o t t e d  i n  F igu re  51. The discrete d e n s i t y  f u n c t i o n  of t h e  
observed va lues  of t h e  v a r i a b l e  are  shown below t h e  p lo t s .  
The Cumu:f.nt i v e  Funct ion 
f o r  v a l u e s  below 1.0 is accumulated i n  t h e  nega t ive  d i r e c t i o n ;  
f o r  v a l u e s  above 1.0, cumulation is i n  t h e  p o s i t i v e  d i r e c t i o n  
on t h e  a b s c i s s a  number l i n e ,  In F i g u r e s  52 and 53 t h e  Cumula- 
t i v e  Func t ions 
A t  t h i s  r ead ing ,  t h e  t r ans fo rm t o  cont inuous  v a r i a b l e s  
r e p r e s e n t a t i v e  of these cumulat ive and d e n s i t y  f u n c t i o n s  has  
not been completed, However, some c o n j e c t u r e s  can  be  made f o r  
these obse rva t ions ,  such as: 
f o r  a l l  cases of a l l  l e v e l s  is never  g r e a t e r  t han  0.8; and is 
bounded a t  0. 
b. T h e  extreme maximum of 
3/4 332, 33.5- 
I f o r  a l l  cases of a l l  %els is never  less t h a n  1.02; and is 
I unbounded but is frequency l i m i t e d  w i t h  i n c r e a s i n g  v a l u e s  of 
1 
I 
c Expectancy of any v a l u e s  g r e a t e r  t h a n  12.0 w i l l  be ve ry  s m a l l .  
With c o l l e c t i o n  of d a t a  from storms y e t  t o  come, more 
d e f i n i t i v e  a n a l y s i s  on t h e s e  data  and a f u r t h e r  i n s p e c t i o n  of 
t h e  extremes of po in t  se t  f u n c t i o n s  of F igu res  47, 48, and 49 
c o r r e l a t i o n s  can be obta ined  vhich w i l l  r e l a t e  t h e  d e n s i t y  and 
cumulat ive f u n c t i o n s  of t h e  aggrega te  t o  t h e  v e l o c i t i e s  t o  be 
expected a t  each l e v e l .  The completion of t h i s  e f f o r t  w i l l ,  
I b e l i e v e ,  be a beginning f o r  t h e  comprehensive a n a l y s i s  of 
Low Level  Winds a t  Cape Kennedy and MILA. 
18 
V I .  THE NEED FOR NEW APPROACHES 
The c u r r e n t  p r a c t i c e s  prescribed by ASCE14 paper No. 3269 
developed from t h e  exponent ia l  Sherlock formula provide methods 
f o r  es t imat ing  t h e  winds and gust f a c t o r s  a t  a l t i t u d e  h; t h e s e  
average v e l o c i t y  and gust  func t ions  are l imi t ed  t o  empirical  
ranges es tabl ished by observed data. Doubt f r equen t ly  e x i s t s  
as t o  t h e  app l i cab le  l i m i t s  of these ranges. E i t h e r  re inspec-  
t i o n  should be made of a l l  ava i l ab le  d a t a  for determining t h e  
v a l i d i t y  of t h e  Sherlock wind prof i les  or a new mathematical 
wind model should be developed along t h e  l i n e s  already discussed. 
The dev ia t ion  of t h e  average value of t h e  wind a t  any h e i g h t  
from t h e  asymptote t o  t h e  veloci ty/height  func t ion  a t  t h a t  
he igh t  would then  be r ep resen ta t ive  of t h e  maximum gus t ing  t h a t  
could occur f o r  t h a t  p a r t i c u l a r  storm. 
The frequency of g u s t i n g t o  any va lue  wi th in  t h i s  range 
would be represented  by t h e  p robab i l i t y  dens i ty  func t ion  f o r  
t h a t  p a r t i c u l a r  he ight  . 
Because t h e  model proposed h e r e i n  would be developed from 
t h e  extreme bounds, a c o r r e l a t i o n  is needed between observed 
v e l o c i t i e s  f o r  each class  of wind storm t h a t  can e x i s t  and 
those f o r e c a s t s  of t h e  meteorologist. The  s t r u c t u r a l  engineer 
is a c t u a l l y  more i n t e r e s t e d  i n  t h e  extremes and t h e i r  behaviour 
than  he is i n  t h e  pred ic ted  average va lue  of v e l o c i t y  a s soc ia t -  
ed w i t h  t h e  happening. Records showing extrema1 predic ted  
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va lues ,  c l a s s i f i c a t i o n s  of t h e  storm genes is ,  and t h e  genera l  
synopt ic  condi t ions preceding and during t h e  storm need t o  be 
developed. A new s t a t i s t i c  is implied. 
The cumulative and dens i ty  d i s t r i b u t i o n s  of F igures  51, 
52, and 53 as w e l l  as t h e i r  aggregates of F igure  50 are a l l  
p l o t t e d  aga ins t  height  (h) and normalized V2. Most i n v e s t i g a t o r s  
use  normalized V on a l i n e a r  scale d i s t r i b u t e d  va r i ab le .  One 
may ask why w e  have not a lso used t h e  l i n e a r  r e l a t i o n s h i p .  The 
answer l ies  i n  e lementals  of mechanics and p r o b a b i l i t y  theo ry .  
The Aerovanes a r e  momentum r e a c t i o n  machines; t h e i r  s i g n a l  
output  i n  most ins tances  is l i n e a r l y  propor t iona l  t o  t h e i r  
speed 
SIGNAL = k N ;  N = r o t a t i o n a l  speed 
As r o t a t i n g  machines, they are not f r i c t i o n l e s s ;  t h e  energy t o  
overcome the  f r i c t i o n  is provided by t h e  sensed  wind. The i r  
developed response c h a r a c t e r i s t i c  (Appendix 11) shows r e l a t i o n -  
L 
Therefore, t h e  s i g n a l  v a r i e s  d i r e c t l y  as t h e  v e l o c i t y  squared. 
Since dynamic p res su re  is a lso  p ropor t iona l  t o  product of 
d e n s i t y ( p )  t i m e s  Vo2, t h e  s i g n a l  ou tput  must vary  d i r e c t l y  
o r  s i m p l e r ,  any observa t ion  w i t h  an aerovane or  
a vO2 function. 
‘ I  
I 
anemometer is 
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i In p r o b a b i l i t y  t h e o r y ,  t h e  p r o b a b i l i t y  f u n c t i o n s  of 
v a r i a b l e s  of order 1 may not  b e  used f o r  t h e i r  f u n c t i o n a l  
e q u i v a l e n t s  of without  a t r ans fo rm i n  
p r o b a b i l i t y ;  also such t ransform must main ta in  a 1:l po in t  
r e l a t i o n s h i p  f o r  t h e  countable  or countably  i n f i n i t e  se ts .  
Simply, if a p r o b a b i l i t y  f u n c t i o n  is known f o r  x ,  and if 
x =  Y2 
t h e n  t h e  p(x)  must be t ransformed by mathematical  o p e r a t i o n s  
t o  p (y ) .  For t h e  r e l a t i o n s h i p  
a t r ans fo rm method i n  p r o b a b i l i t y  f o r  t h e  two v a r i a b l e s  is 
developed i n  Appendix 11. The i l l u s t r a t e d  case is t h a t  
when p(N) is gauss ian  and t h e  developed p ( Lo Vo) is C h i -  
squa red ,  
A l s o ,  i n  error a n a l y s i s ,  t h e  a n a l y s i s  of t h e  primary 
v a r i a b l e  must be  l i m i t e d  t o  t h e  observed q u a n t i t i e s .  There- 
fo re ,  t h e  governing d i s t r i b u t i o n s  f o r  p r o b a b i l i t y  develop- 
ment must be  l i m i t e d  t o  d e v i a t e s  i n  t h e  obse rva t ion .  
Another example would be t h e  average 
By t h e  c e n t r a l  l i m i t  theorem,  I/ a n d p  are convergent 
w i t h  an  i n f i n i t e  set b u t  f never e q u a l s ( V ~ a , g .  i n  p r o b a b l i s t i c  
behav io r  e 
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T h e r e f o r e ,  t h e  n a t u r a l  s t a t i s t i c  should be developed as  
f (V2) 0 
The r e s u l t i n g  effect is, t h a t  f o r  one func t ion ,  t h e  va lues  
of its dens i ty  a t  t h e  t a i l  extremes d i f f e r  by l a r g e  orders Of 
magnitude from t h a t  of its t ransform func t ions .  Where extrema1 
l i m i t s  are of such importance as i n  t h e  wind behavior a t  l o w  
l e v e l s ,  t h e  expected va lues  of extremes of p a r t i c u l a r  happenings 
can be s e r i o u s l y  misestimated, even w i t h  t h e  most r igo rous  
ar i thmetic .  
Sure ly ,  a new approach and development of new models of 
t h e  l o w  l e v e l  wind behavior is ind ica t ed .  
The  commentaries of a l l  rev iewers  are welcomed t o  promote 
t h e  search and development of these models. 
t 
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